Possibly the simplest experimental arrangement is the single-pass generation scheme, 7 -9 ' 12 which has been shown to give rise to an expansive spectral continuum consisting of several solitons, whose number and spectral extent depend on the pump power. For pump pulses in the region of anomalous dispersion, modulational instability can act as the precursor to the evolution process. 4 ' 1 0 ' 1 2 ' 13 Modulational instability and amplification give rise to soliton structures, which experience various degrees of self-frequency shifting, resulting in soliton collisions and extensive spectral broadening. Although modulational instability can preferentially initiate the process, 8 ' 1 0 ' 1 2 it is not a prerequisite, and pump pulses in the normal-dispersion regime can give rise to the soliton Raman continuum, commencing from amplified Raman noise in the fiber. 11 In this situation, however, the threshold power for the generation of the continuum is substantially higher. Reduced thresholds can be achieved by preferentially seeding the process with a modulation instability signal. 1 4 One problem of the soliton Raman continuum is that the wavelength of the generated soliton is not particularly controllable. Spectral filters can be used to select the wavelength band of interest, 4 ' 1 2 ' 1 3 which gives rise to considerable overall system energy loss.
In the research reported here we describe the application of a cw laser diode to provide a tunable seed wavelength for preferential evolution of femtosecond solitons through the soliton Raman process and present an experimental characterization of the system. As in previous experiments, 8 ' 1 0 " 1 1 the pump radiation was provided by a continuously pumped modelocked Nd:YAG laser operating at 1.32 Aum, with an average (peak) power of as much as 2 W (200 W) in 100-psec pulses at a 100-MHz repetition rate. The continuous seed signal was obtained from a 50 0 -Mrmlong InGaAsP laser diode in an external-cavity arrangement, with one of the plane facets antireflection coated, which permitted wavelength tuning, using a diffraction grating, in the region 1.33 to 1.38,um. An average output power of -1 mW was obtained from the diode laser. By using a dichroic beam splitter, the pump and signal beams were focused with a standard 20X microscope objective into a 1.98-km length of single-mode fiber with zero dispersion at 1.3 4 ,um and a loss of 0.5 dB/km at 1.3 ALm. From the known fiber parameters, the calculated fundamental soliton power for a 250-fsec pulse at 1.36 Am was 62.6 W, which would correspond to an average power of 1.6 mW at a 100-MHz repetition rate. The radiation emerging from the fiber was collected by an identical 20X microscope objective as the input and was directed to a 0.5-m scanning monochrometer and background-free autocorrelator with respective resolutions of 0.2 nm and 20 fsec. Spectral selection of the radiation entering the autocorrelator allowed specific spectral regions of the generated signal to be investigated temporally. tion was coincident with the pump beam, a clear spectral amplification took place in the region of the seeded diode radiation; this can be seen in Fig. 1(b) . Tuning the diode to other available wavelengths resulted in identical behavior.
On increasing the average pump power to 180 mW, we obtained the spectrum shown in Fig. 1(c) . At this power level a distinct Raman band evolved around 1.38 Am, and a solitonlike femtosecond structure was detected on the autocorrelator.
However, a 10-nm bandpass filter centered at 1.36 Am placed in front of the autocorrelator indicated that no such structures were present in this low-intensity region. Again, on launching the cw signal at 1.36 Am, we observed enhancement in this region [see Fig. 1 
with the evolution of a soliton centered at this wavelength. In the time domain the pulse width of the generated soliton increased with pump power for a fixed signal power. This variation in the soliton width at 1.36 um is shown in Fig. 3 for an average signal power of 100 MW in 120-psec pump pulses. However, as the pump power is increased, the soliton generation mechanism can be self-starting at a longer wavelength. With increasing pump power, the 1. The spectral and temporal characteristics were similar to those of the single-pass soliton Raman continuum source. 8 ' 1 2 ' 1 3 With increased pump power, soliton self-frequency shifting took place within the band. From Fig. 1(d) it can be seen that, with the generation of the soliton on application of the seed signal, energy is lost from the pump signal on the short-wavelength side, providing Raman gain, and with the appearance of the soliton, considerable enhancement of the Raman band to long wavelengths took place owing to selffrequency shifting. With increasing pump power and the generation of several solitons, giving rise to soliton collisions as well as to temporal broadening, the autocorrelations exhibited an increase in the intensity of the pedestal component. This variation is shown in Fig. 4 . Contributing to the pedestal are that part of the signal that is nonsolitonlike and also the part due to cross correlation with other generated solitons, as also occurs in the singlepass soliton Raman generation process. 4 8 At high pump power levels, cascade into higher which was 30% of the peak intensity. The efficient transfer of energy into the first Stokes band and the high-power pulses generated gave rise to a further cascade into the second Stokes. Spectrally filtering the band at 1.48 Am revealed a 220-fsec pulse with a 1%
pedestal. When the pump power level was varied, no spectral shifting of this higher-wavelength band was recorded.
In conclusion, we have shown that by seeding a modest cw diode-laser signal, single-pulse trains of fundamental solitons can be generated at predetermined wavelengths, provided that the modulated pump powers can be kept below the self-seeding level. Tuning the diode-laser source enabled this process to take place throughout the total available tuning range within the first Stokes band. It should also be possible to utilize this seeding mechanism as the basis of an efficient ultrafast switch in an all-fiber geometry.
